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SUPPLEMENTARY OBSERVATIONS ON THE OXYGEN
PRESSURE GRADIENT BETWEEN THE MATERNAL
AND FETAL BLOODS OF SHEEP*
DONALD H. BARRON AND GEORGE ALEXANDERt
The observations to be presented here on the average oxygen pressure
gradient that exists between the maternal and fetal bloods of the sheep,
separated by the five tissue layers that form the syndesmochorial placenta,
are in the nature of a supplement to data published earlier.' In that paper
data were presented on the form of the oxygen dissociation curves of fetal
and maternal bloods obtained from individuals sacrificed at selected stages
in gestation, together with the oxygen capacities, contents, percentage
saturations, and estimated oxygen pressures of samples of blood drawn
from each of the four placental vessels-the uterine artery, uterine vein or
venule, umbilical artery, and umbilical vein-after their exposure by
caesarian section. From these data, the differences in oxygen pressure of
the bloods of the uterine artery and umbilical vein, and the bloods of the
uterine vein or venule and the umbilical artery-that is the difference at the
two ends of the parallel cords of the placental capillaries'-were estimated.
By virtue of the fact that the maternal and fetal bloods do move through
more or less parallel cords of approximated capillaries in the placenta of the
sheep, some of the published data can be used for the estimation of the
changes that occur in the oxygen pressure in the fetal and maternal bloods
as they move through the placenta, if some assumptions are made with
regard to the flow of the blood and the permeability of the capillaries. These
assumptions are: (i) that each stream moves through vessels of constant
caliber and at uniform velocity, (ii) that the permeability to oxygen of the
placental capillaries and the intervening tissues is uniform throughout their
length, and finally, (iii) that the volume of oxygen diffusing per unit time
from the blood in one region of the maternal capillaries to the blood in a
region of the fetal capillaries is proportional to the difference in oxygen
pressure between these two regions.
METHODS AND RESULTS
Data necessary for the calculations of the changes in oxygen pressure in
the bloods moving through the placental capillaries were selected for seven
representative cases sacrificed during the last ninety days of the gestation
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period (see Table 2). The data required include: (i) the oxygen capacity
of the fetal blood, (ii) the oxygen contents, in volume per cent, of samples
from the umbilical vein and artery, (iii) the difference between these two
values or the oxygen taken up by each hundred cc. of fetal blood perfusing
the placenta, and (iv) the oxygen dissociation curve of the fetal blood pre-
pared at a carbon dioxide tension of approximately 40 mm. Hg. The same
data are required for the samples of blood obtained from the maternal side
of the placenta. No correction was made for the change in the affinity of the
haemoglobin for oxygen as the carbon dioxide pressure and the pH changed
with the movement of the fetal and maternal bloods through the placental
capillaries, for the changes in the two curves appeared to be of the same
order and in such a direction that they tended to remain separated by the
same distance despite the changes in pH.
Our reasoning and method of computation may be illustrated by a
consideration of the data for sheep No. 5, sacrificed 120 days after insemina-
tion; the oxygen capacity of the fetal blood was 16.3 volumes per cent, the
oxygen contents of the bloods of the umbilical artery and vein 1.84 and 8.45
volumes per cent respectively. Accordingly, en route through the placenta,
each 100 cc. of fetal blood takes up 6.61 cc. of oxygen. The maternal oxygen
capacity was 19.2 volumes per cent and the oxygen contents of the bloods of
the uterine artery and vein were 19.1 and 9.0 volumes per cent respectively;
the A-V difference on the maternal side of the placenta was 10.1 volumes
per cent. If we assume that all of the oxygen lost by the maternal blood in
its course through the uterus and placenta is taken up by the fetal blood,
we may conclude that blood is moving 1.53 times faster through the fetal
side of the placenta than it is through the maternal; 100 cc. of fetal blood
take up about 64 to 65 per cent of the oxygen given up by each 100 cc. of
maternal blood.
The oxygen pressures in each of the samples may be estimated from their
percentage saturation by means of the oxygen dissociation curves prepared
with bloods drawn from the fetus and mother; these curves are presented
in Figure 1. So estimated, the oxygen pressures in the uterine artery,
uterine vein, umbilical artery, and umbilical vein are 100, 44.0, 8.0, and
22.0 mm. Hg respectively. These pressures are indicated on the curves in
Figure 1. The pressure difference is 78 mm. Hg at the arterial ends of the
parallel cords of placental capillaries and 36 at the venous ends.
With these data at hand, one might assume that 0.02 cc. of oxygen move
from the maternal blood to the fetal per mm. difference in pressure per
unit time. Then in the unit of time just after the maternal blood enters the
placental capillaries, as the pressure difference is 78 mm. Hg, each 100 cc.
as it passes this region of the maternal capillary net will lose 1.56 cc. of
oxygen, the saturation will fall to 91.5%, and the pressure to 80 mm.
point 1 on the maternal curve (Fig. 1). In the same interval, as the column
of fetal blood moves at the faster rate each 100 cc. will take up but 65 per
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cent of the oxygen lost by the maternal blood, or 1.01 cc. Hence at the
beginning of this first time interval the fetal blood must have contained
8.45 - 1.01 or 7.44 cc. of oxygen, and been 46.4% saturated with an oxygen
pressure of 21.5 mm., point 1 on the fetal curve. At the beginning of the
second unit of time, the maternal blood will have advanced some distance
along the length of the capillaries; the difference in oxygen pressure
between these two new points or regions is 58.5 mm., points 1 on the
maternal and fetal curves (Fig. 1). Assuming the same rate of flow per
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FIG. 1. Sheep No. 5,120 days' gestation
age. Oxygen dissociation curves of fetal
and maternal bloods; the curves were pre-
pared at a C02 tension of 40 ± 2 mm. Hg.
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FIG. 2. A graph illustrating the esti-
mated changes in oxygen pressure in the
fetal and maternal bloods as they pass
through the placental capillaries in op-
posite directions.
mm. oxygen pressure difference, 1.17 cc. of oxygen will be lost from the
maternal blood in the second unit of time, the oxygen content will have
dropped to 16.4 volumes per cent and the pressure to 70.0 mm. Hg (point
2 on the maternal curve). In the same interval the fetal blood will have
acquired 0.76 cc. of oxygen per 100 cc. of blood; accordingly, at the begin-
ning of the interval it must have contained 7.44 - 0.76 or 6.68 cc. of oxygen,
and been 41 per cent saturated, with a pressure of 20 mm. Hg,-point 2
on the fetal curve.
The analysis was continued stepwise in this fashion through eleven
intervals of equal length and a twelfth of approximately 0.23 of the others,
with the results presented below (Table 1 and Figs. 1 and 2); 0.23 is the
fraction required for the transfer of the additional oxygen from the
maternal to the fetal side to bring the contents and pressures to the observed
values at the venous ends of the capillary cords.
The changes in oxygen pressure in the two bloods as they move in
opposite directions through the placenta at these arbitrarily chosen time
intervals are illustrated in Figure 2; the total time required is of course
that required for a small group of red cells or a "fraction" of the blood
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stream to move through the maternal side of the placenta. If the area
between the two curved lines in Figure 2 is imagined to be a rectangle,
with its longer side as time, the length of the shorter side will equal the
TABLE 1
Maternal
Interval
0
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.*
08
lost
vols. %
1.56
1.17
1.00
0.90
0.84
0.80
0.78
0.76
0.72
0.73
0.71
0.16
0O
content
vols. %
19.12
17.57
16.40
15.40
14.50
13.66
12.86
12.08
11.32
10.60
9.87
9.16
9.00
Fetal
Maternal-
sat.
99.5
91.5
85.5
80.0
75.5
71.2
67.0
63.0
58.0
55.3
51.5
47.7
46.8
pO0
Mm"X. H1g.
100.0
80.0
70.0
64.0
60.0
57.0
55.0
53.0
50.0
48.5
46.0
45.0
44.0
fetal
POFdif-
ference
78
58.5
50.0
45.0
42.0
40.0
39.0
38.0
36.0
36.5
35.5
36.0
36.0
O.
added
zvols. %0o
1.01
0.76
0.65
0.58
0.55
0.52
0.51
0.49
0.47
0.48
0.46
0.10
or
content
vols. %
8.45
7.44
6.68
6.03
5.45
4.90
4.38
3.88
3.39
2.92
2.44
1.98
1.88
sat.
51.8
46.6
41.0
37.0
33.4
30.0
26.9
23.8
20.8
17.9
14.3
12.1
11.3
pO
mmXn. Hg.
22.0
21.5
20.0
19.0
18.0
17.0
16.0
15.0
14.0
12.0
10.5
9.0
8.0
* Time interval .23 of others.
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FIG. 3. Sheep No. 2, 56 days. A graph
illustrating the changes in the oxygen
pressures in the fetal and maternal bloods
en route through the placental capillaries.
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FIG. 4. Sheep No. 11, 136 days. The
oxygen pressure changes in the fetal and
maternal bloods en route through the
placenta.
average difference in oxygen pressure between the two bloods as they move
through the placenta-in this case 42 mm. Hg. By this same procedure, we
have graphed the oxygen pressure changes in the placental vessels in the
seven cases, two of which are represented in Figures 3 and 4 and from these
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graphs have estimated the average pressure difference between the two
bloods. The results are presented in Table 2. Although a maternal oxygen
dissociation curve was prepared in the case of sheep No. 2, there was not
sufficient blood available to prepare a fetal curve; accordingly, a curve
typical of the period prior to 116 days was used for the calculations.
TABLE 2
Sheep no. Total age in days Average difference pO0 maternal-fetal blood
2 56 41.0
8* 81 43.0
5 120 42.0
70* 126 32.6
3 136 40.0
11 136 37.0
19* 137 48.0
* Twins.
DISCUSSION
There are obvious sources of error in the method we have used for the
estimation of the average oxygen pressure difference between the maternal
and fetal bloods in these seven cases, but they would not appear to invalidate
the conclusion that the values obtained are of the right order. If the values
are representative of the conditions in utero, then we may infer that the
average oxygen pressure gradient across the placenta is of the order of
37-48 mm. Hg; and further, that the gradient does not alter appreciably
during the portion of the gestation period represented by our data-56 to
136 days of gestation (full term circa 145 days)-this despite the fact that
the oxygen requirements of a fetus of 56 days weighing 30 grams would be
about 0.24 cc. per minute. In this computation we have used the figure for
that stage of 8 cc. per kilo per minute-one that is probably of the right
order judging from Barcroft's data (1946). And for a fetus of 136 days,
weighing 2.5 kilos, 10.75 cc. would be required, again using Barcroft's data
on fetal oxygen consumption at that stage.
If Barcroft's figures on oxygen consumption of the sheep fetus at several
stages may be used to estimate the minimal oxygen moving from the
maternal to the fetal blood at those stages, then it is possible by combining
these with our data on the pressure gradient to calculate the diffusion co-
efficient of the placenta-the cc. of oxygen crossing it per minute per milli-
meter difference in pressure on the two sides-at selected stages in gesta-
tion. Assuming the oxygen pressure difference between the two sides of the
placenta to be 43 mm. the coefficient appears to be about 0.006 at 56 days,
0.12 at 110 days (1250-gram fetus, 02 consumption 4.2 cc. per kilo per
minute) and 0.27 at 136 days. Granted that this coefficient is representative,
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the increase may be, and almost certainly is, due in part to an increase in
the diffusion surface as the placenta develops to reach its maximum on the
fetal side, which occurs at about 110 days, as judged by the volume of
blood in its vascular bed.8 Beyond this stage of development the rise would
appear to be due to an increase in the permeability of the tissues that
separate the fetal and maternal bloods; and there are histological changes in
these tissues, particularly the degeneration of the trophoblast which takes
place in this period, that may be correlated with the change in permeability.2
SUMMARY
Using data already published, estimates have been made of the average
difference in the oxygen pressures of fetal and maternal sheep blood as they
pass through the placental capillaries. Data from seven sheep representing
different stages in the gestation period were analyzed; the average pressure
difference in ewes with singlets (4 cases) ranged between 37 and 42 mm.
In twins (3 cases) the range was from 32.6 to 48.0 mm.
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